ABSTRACT
was shown to be highly virulent to Dn4-carrying wheat RWA isolates has been reported elsewhere, no such variation has lines while lines carrying the resistance genes Dn2, Dn5 reports of severe RWA infestations and visual plant damage in fields of RWA-resistant 'Prairie Red' (Quick et al., 2001 ) winter wheat in southeastern Colorado. Infested plants in these fields displayed symptoms char-R ussian wheat aphid is an important pest of winter acteristic of a susceptible reaction (e.g., white streaking, wheat and other small grains in Colorado and stunting, and leaf rolling), raising concern that a new neighboring states. It was first reported in the USA in RWA biotype was present. In this paper we report the 1986 and caused estimated direct and indirect losses of results of two experiments conducted to compare the more than $800 million in the western USA from 1987 virulence patterns of our original RWA isolate with a to 1993 (Morrison and Peairs, 1998) . Additional losses new isolate collected in southeastern Colorado. have been incurred since then, primarily in Colorado and surrounding states (Berzonsky et al., 2002 
Statistical Analyses
part sphagnum peat moss, and three parts sieved field soil.
All analyses were conducted using SAS-JMP v. 4.02 (SAS Screened cages were used to separate flats infested with Institute, 2000). For Exp. 1, a matched pairs analysis (paired the two isolates. Twelve seeds of each entry were planted t test) was used to test differences in leaf rolling and plant without replication in single rows in flats. For both RWA damage scores between the two RWA isolates across all enisolates, seedlings were infested at the one-leaf stage, approxitries evaluated. Significance of differences in leaf rolling and mately 1 wk after planting, by placing leaf segments containing plant damage scores between groups of resistant and susceptifour to seven RWA at the base of each seedling. Aphid damage ble cultivars was tested by using resistance as a grouping factor was assessed approximately 3 wk after infestation (depending in the matched pairs analysis. For Exp. 2, a randomized comon severity of reaction of susceptible entries) with separate plete block design ANOVA was conducted. Mean plant damscores for overall plant damage and leaf rolling. Overall plant age scores were separated using Fisher's protected LSD. damage was based on a scale of 1 to 9, with 1 representing apparently healthy plants with small isolated chlorotic spots and 9 representing plants with severe white streaking, chloro-
RESULTS AND DISCUSSION
sis, stunting, and death (Webster et al., 1987) . Leaf rolling was based on a scale of 1 to 3, where 1 represented plants
Experiment 1
with flat leaves and no apparent rolling and 3 represented A clear difference in virulence was observed between plants with tightly rolled leaves (Burd et al., 1993) . Under these scales, resistance includes plant damage scores of 1 to the two isolates of RWA in standard greenhouse seed-3 and leaf rolling scores of 1, moderate resistance includes ling screening tests (Table 1 ). The average scores across plant damage scores of 4-6 and leaf rolling scores of 2, and all entries in the experiment showed that the new isolate susceptibility includes plant damage scores of 7 to 9 and leaf induced significantly greater damage than the original rolling scores of 3.
biotype, both for leaf rolling score (2.0 vs. 3.0 score; P ϭ 0.003) and plant damage score (4.7 vs. 8.7 score; P Ͻ Experiment 2 0.001). Group comparisons of the average difference in damage scores between the two isolates for susceptible
Evaluation of a broader collection of known resistance sources was undertaken to determine their response to the and resistant groups of entries confirmed this difference, new isolate. Sixteen genotypes (germplasm accessions, experiwith greater differences in leaf rolling score (0.5 vs. 1.4 mental lines, and cultivars) known to be resistant to our origidifference; P ϭ 0.048) and plant damage score (1.8 vs. inal biotype yet were both susceptible to the new isolate. Akron  S  2  3  1  6  9  3  Ankor  R  2  3  1  3  9  6  TAM 107  S  3  3  0  8  9  1  Prairie Red  R  2  3  1  3  8  5  Yuma  S  2  3  1  7  9  2  Yumar  R  1  3  2  2  8  6  Halt  R  1  3  2  2  8  6  Stanton  R  2  3  1  3  9  6  Carson  S  3  3  0  8  9  1  Overall This observation, coupled with the comparison between using five known resistance genes (Dn1, Dn2, Dn4, Dn5, and Dn6) and an Iranian germplasm line denoted as groups of susceptible and resistant entries as mentioned above, confirms that the new isolate of RWA is virulent SHZ.W.104. On the basis of their results, the authors proposed the gene symbol Dn7 for this resistance gene. to the Dn4 resistance gene used extensively in our breeding program. Additionally, the new isolate apWhile the exact origin of SHZ.W.104 is unclear, it is doubtful that it is from the same source as the source peared to be virulent on Stanton, a cultivar from Kansas State University with resistance derived from a different transferred from rye. Previous experiments with 94M370 have shown that it germplasm source (PI 220350). It is not known, however, whether these two resistance sources are allelic.
expresses a higher and more consistent level of seedling resistance to the original biotype of RWA than Dn4-Because of the design of this experiment, we were able only to determine relative virulence of the new isolate to carrying genotypes from our breeding program (Anderson et al., 2003) . Unfortunately, the Dn7 resistance gene genotypes resistant to the original biotype. The data did suggest, however, that the new isolate is more virulent is carried on a 1BL.1RS wheat-rye translocation which has been shown to have serious adverse quality effects as the onset of symptom development appeared earlier and there was slightly greater damage (2.5 vs. 3.0 leaf for leavened bread products (Graybosch et al., 1990) . Visual observations of this source in this experiment rolling score, 7.3 vs. 9.0 plant damage score) within the subset of susceptible entries included in the experiment.
and in previous experiments with the original biotype (Anderson et al., 2003) suggest that its mode of resisFurther studies are planned to confirm this observation.
tance is at least in part due to antixenosis, as relatively few RWA successfully colonized the accession despite
Experiment 2
multiple, repeated artificial infestation attempts. Significant differences (P Ͻ 0.001) were observed
The exact origin of the new biotype is unknown. It among entries (Table 2) for plant damage score while could have originated from a local adaptation to devariation due to replications was not significant (P ϭ ployed resistance sources or an introduction from areas 0.14). Most of the entries showed a susceptible reaction of the world where greater biotypic diversity of RWA (4-5 damage score) while a few showed a moderately is well documented. In the time period since initial idenresistant reaction (3 damage score). Genotypes carrying tification of the new biotype in southeastern Colorado, the resistance genes Dn1, Dn2, dn3, Dn5, Dn6 , and the presence of Dn4-virulent RWA populations also several promising yet uncharacterized gene sources (inhave been confirmed in the Nebraska Panhandle and cluding the source in Stanton), were among the entries Western Texas (K. Shufran, USDA-ARS, personal comcategorized as susceptible. munication, 2003) . Information on the current and evenThe only entry that showed resistance in this experitual distribution of this new biotype is presently lacking. ment was the germplasm accession 94M370. The single Until cultivars with resistance to the new biotype are dominant resistance gene in this source, denoted as Dn7 developed, management of RWA infestations in areas by Marais et al. (1998) , was derived through intergeneric of greatest risk will depend on other management aptransfer from the rye (Secale cereale L.) cultivar Turkey proaches, such as biological control, cultural practices, 77 to a common wheat carrying the 1BL.1RS wheat-rye and insecticides. translocation (Marais et al., 1994) . A recent report by Estakhr and Assad (2002) presented an allelism study Karee-Dn8 and Betta-Dn9 germplasm sources; Ms. Cheryl Baker (USDA-ARS, Stillwater, OK) for providing seed of the
CONCLUSIONS

